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Junichi Furukawa 
 
Abstract: 30 years of research life at the Tokyo Metropolitan College of Technology has been reviewed. I have found 
that one of the most enjoyable sensations is the feeling at the very rare moment of realization that I think I under-
stand something that I believe no one else in the world understands. I would like to express my sincere appreciation 
to all of the people who shared the most enjoyable sensation with me, ARIGATO ! 
 
Key Words㸸Flame, Premixed combustion, Turbulence, Flame structure 
 
ࣉ࣮ࣟࣟࢢ
31㸪69㸪65㸬࡞ࢇࡢࡇ࡜ࡸࡽ㸪ࡉࡗࡥࡾࢃ࠿ࡽ࡞࠸࡛
࠶ࢁ࠺㸬31 ࡜ࡣ㸪๓㌟ᰯ࡛࠶ࡿᮾி㒔❧ᕤᴗ㧗➼ᑓ㛛Ꮫ
ᰯ࡟╔௵ࡋࡓࡢࡀ 1984ᖺ 2᭶ 1᪥ࡔ࠿ࡽ㸪௒ᖺ࡛ࡕࡻ࠺
࡝ 31ᖺ࡟࡞ࡿ㸬ࡑࡢ኱༙ࢆࠕ஘ὶணΰྜⅆ⅖ࠖࡢ◊✲࡟
㈝ࡸࡋࡓ㸬ࡑࡢ㛫࡟᭩࠸ࡓㄽᩥࡣ 69 ⦅㸪ඹⴭ⪅ࡣ 25 ྡ
ࢆ㉸࠼ࡿ㸬ඹⴭ⪅ࡢ୰࡛㸪㐃ྡࡢㄽᩥࡀከ࠸㡰࡟㸪ᖹ㔝ᩄ
ྑ 28⦅㸪Forman Williams26⦅㸪ᶫᮏⱥᶞ 13⦅㸪ᒸᮏ
ிᏊ㸪㔝ཱྀెᶞ 10 ⦅㸪ྜྷ⏣ὈᏊ 9 ⦅㸪୸⏣ ⸅ 7 ⦅㸪
୰ᮧ᭸ᏹ 5 ⦅࡛࠶ࡿ㸦ᩗ⛠␎㸧㸬ࡇࡢ 8 ྡࡢ୰࡟ᮏᰯࡢ
Ꮫ⏕ࡀྡࢆ㐃ࡡ࡚࠸ࡿࡇ࡜ࡣ㸪⚾࡟࡜ࡗ࡚㸪ᐇ࡟႐ࡤࡋ࠸
ࡇ࡜࡛࠶ࡿ㸬65࡜ࡣ㸪1949ᖺ 11᭶ 16᪥⏕ࡔ࠿ࡽ㸪௒ᖺ
࡛ࡕࡻ࠺࡝‶ 65ᡯ࡜࡞ࡿ㸬 
 
⇞↝◊✲
 ᚟ືෆ⇞ᶵ㛵࠿ࡽࢪ࢙ࢵࢺ࢚ࣥࢪ࣭ࣥ ࣟࢣࢵࢺ࣮ࣔࢱ
࡟⮳ࡿࡲ࡛㸪ᐇ⏝⇞↝ჾ࡟࠾ࡅࡿ⇞↝㐣⛬ࡣ㸪ࡍ࡭࡚ࡀ஘
ὶ⇞↝࡛࠶ࡿ㸬ࡋࡓࡀࡗ࡚㸪஘ࢀࡢ⇞↝ಁ㐍ࡢ࣓࢝ࢽࢬ࣒
ࢆゎ᫂ࡍࡿࡇ࡜ࡣ㸪ࡇࢀࡽࡢᐇ⏝⇞↝ჾࢆຠ⋡ࡼࡃタィࡍ
ࡿࡓࡵ࡟ᴟࡵ࡚㔜せ࡞ㄢ㢟࡛࠶ࡿ㸬 
 ஘ὶணΰྜⅆ⅖ࡢᵓ㐀ࡸ஘ὶ⇞↝㏿ᗘࡣᮍ⇞↝ΰྜẼ
ࡢ஘ὶ≉ᛶࡢᙳ㡪ࢆᙉࡃཷࡅ㸪ⅆ⅖࡜ὶࢀࡢ┦஫స⏝࡟ࡼ
ࡗ࡚Ỵࡲࡿ࡜⪃࠼ࡽࢀࡿ㸬ࡋࡓࡀࡗ࡚㸪ⅆ⅖࡜ὶࢀࡢ┦஫
స⏝ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࡣ㸪஘ὶணΰྜⅆ⅖࡟࠾ࡅࡿ஘ࢀ
ࡢ⇞↝ಁ㐍ࡢ࣓࢝ࢽࢬ࣒ࢆゎ᫂ࡍࡿୖ࡛ᮏ㉁ⓗ࡞ၥ㢟࡜
࡞ࡿ㸬ࡇࢀࢆゎ᫂ࡍࡿࡓࡵ࡟ࡣ㸪஘ὶணΰྜⅆ⅖࡟࠾ࡅࡿ
ⅆ⅖㠃ࡢᣲື࡜ὶࢀࡢࡼ࠺ࡍࢆᐇ㦂ⓗ࡟☜࠿ࡵ࡞ࡅࢀࡤ
࡞ࡽ࡞࠸㸬 
 ࡇࡢࡼ࠺࡞ほⅬ࡟ᇶ࡙ࡁ㸪஘ὶணΰྜⅆ⅖ࡢᒁᡤⓗ࡞཯
ᛂᖏࡢᵓ㐀㸪஘ὶⅆ⅖ᖏ࡟࠾ࡅࡿὶࢀࡢࡼ࠺ࡍ㸪ⅆ⅖㠃ࡢ
ᣲື㸪ⅆ⅖࡜ὶࢀࡢ┦஫స⏝࡞࡝ࡢ◊✲ࢆ⾜ࡗ࡚ࡁࡓ㸬ࡲ
ࡓ㸪ࡇࢀࡽࡢ◊✲ࢆᐇ⌧ࡍࡿࡓࡵ࡟㸪ィ ᡭἲ࡟㛵ࡍࡿᇶ
♏◊✲ࡶ⾜ࡗࡓ㸬 
 
஘ὶணΰྜⅆ⅖ࡢᒁᡤⓗ࡞཯ᛂᖏࡢᵓ㐀
 ணΰྜⅆ⅖࡟࠾ࡅࡿ஘ࢀࡢ⇞↝ಁ㐍ࡢ࣓࢝ࢽࢬ࣒࡜ࡋ
࡚㸪኱ࡁ࡞ࢫࢣ࣮ࣝࡢࡑࢀ࡯࡝ᙉࡃ࡞࠸஘ࢀࡢሙྜ࡟ࡣ㸪
஘ࢀࡢ㏿ᗘኚື࡟ᛂࡌ࡚ⅆ⅖㠃࡟พฝࡢኚᙧࡀ⏕ࡌ㸪ࡑࡢ
⤖ᯝ㸪ⅆ⅖㠃ࡢ㠃✚ࡀቑຍࡍࡿ㸬ࡇࡢሙྜ㸪▐㛫ⓗ࡟ぢࡓ
ⅆ⅖ࡣศᏊ㍺㏦㐣⛬࡟ᨭ㓄ࡉࢀ㸪ᒁᡤⓗ࡟ࡣᒙὶ⇞↝㏿ᗘ
/6 ࡛ఏ᧛ࡍࡿ⓾ࡢ࠶ࡿணΰྜⅆ⅖㸦wrinkled laminar 
flame㸧࡛࠶ࡿࡢ࡛㸪ᖹᆒࡢ⇞↝㏿ᗘ㸪ࡍ࡞ࢃࡕ஘ὶ⇞↝
㏿ᗘ 76 ࡣ⓾ࡢ࠶ࡿⅆ⅖ࡢ⾲㠃✚ 7$ ࡟ẚ౛ࡍࡿ࡜⪃࠼ࡽ
ࢀ࡚࠸ࡿ㸬ࡍ࡞ࢃࡕ㸪ᒙὶ⇞↝㏿ᗘࢆ 㸪ὶ⟶ࡢ᩿㠃✚
ࢆ /$ 㸪ࡇࡢὶ⟶୰ࢆఏ᧛ࡍࡿ஘ὶணΰྜⅆ⅖ࡢ⾲㠃✚ࢆ
࡜ࡍࡿ࡜㸪ḟᘧࡀᡂࡾ❧ࡘ㸬 
/
7
/
7
$
$
6
6
   
 ࡇࢀ࡟ᑐࡋ㸪ᑠࡉ࡞ࢫࢣ࣮ࣝࡢᙉ࠸஘ࢀࡢሙྜ㸪஘ࢀࡣ
ⅆ⅖㠃ࡢᙧ≧࡟ࡣ࡯࡜ࢇ࡝ᙳ㡪ࢆ୚࠼ࡎ㸪ࡴࡋࢁⅆ⅖ᖏෆ
㸧ᮾி㒔❧⏘ᴗᢏ⾡㧗➼ᑓ㛛Ꮫᰯ ࡶࡢ࡙ࡃࡾᕤᏛ⛉㸪ᶵᲔᕤᏛࢥ࣮ࢫ㸪๰㐀ᕤᏛᑓᨷ㸪ᶵᲔᕤᏛࢥ࣮ࢫ
࡛஘ࢀࡢ 㐠ື࡟ࡼࡿ᪂ࡋ࠸㍺㏦ᶵᵓࡀศᏊ㍺㏦ᶵᵓ࡟
ຍࢃࡾ㸪ᡂศ࢞ࢫ㸪࢚ࣥࢱࣝࣆ࠾ࡼࡧ㐠ື㔞࡞࡝ࡢ㍺㏦⌧
㇟ࡀᙉ໬ࡉࢀ㸪ࡑࡢ⤖ᯝ㸪஘ὶ⇞↝㏿ᗘ 76 ࡣᒙὶணΰྜ
ⅆ⅖࡟ẚ࡭࡚ቑ኱ࡋ㸪࠿ࡘⅆ⅖ᖏࡶཌࡃ࡞ࡿ࡜⪃࠼ࡽࢀ࡚
࠸ࡿ㸬  
wrinkled laminar flameࡢ◊✲ࡣ㸪ከࡃࡢேࡀ⾜ࡗ࡚
࠸ࡓࡢ࡛㸪ኳࡢ㑧㨣࡞⚾ࡣ㸪ᑠࡉ࡞ࢫࢣ࣮ࣝࡢᙉ࠸஘ࢀሙ
࡟ᙧᡂࡉࢀࡿ஘ὶணΰྜⅆ⅖ࢆ◊✲ࡋࡼ࠺࡜ᛮࡗࡓ㸬ᖾ࠸㸪
༑ศ࡞ᐜ㔞ࡢ✵Ẽ※ࡀ࠶ࡗࡓ㸬 
 ஘ὶணΰྜⅆ⅖ࡢ⇞↝≧ែࡸⅆ⅖ࡢᣲື࡞࡝ࡢⅆ⅖ᵓ
㐀࡜ࡑࢀࢆ௦⾲ࡍࡿ≀⌮㔞࡛࠶ࡿ࢖࢜ࣥ㟁ὶࡢ㛵ಀࢆ᫂
ࡽ࠿࡟ࡋ㸪ᑠࡉ࡞ࢫࢣ࣮ࣝࡢᙉ࠸஘ࢀሙ࡟ᙧᡂࡉࢀࡿ஘ὶ
ணΰྜⅆ⅖ࡢᚤ⣽ᵓ㐀ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆヨࡳࡓ㸬ࡑࡢ
⤖ᯝ㸪஘ὶணΰྜⅆ⅖ࡢᒁᡤⓗ࡞཯ᛂᖏࡢཌࡉߜ்ࡣ㸪ࡑࢀ
࡜ΰྜẼࡢ⃰ᗘࡀ➼ࡋ࠸ᒙὶணΰྜⅆ⅖ࡢཌࡉߜ௅࡜➼ࡋ
࠸࡜ゝ࠺᪂ࡋ࠸஦ᐇࢆ᫂ࡽ࠿࡟ࡋࡓ(1),(2), (9),(10),(11)㸬ࡇࢀࡣ㸪
ᚑ᮶ศᩓᆺⅆ⅖㸦distributed reaction zone㸧ࡀᙧᡂࡉࢀ
ࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡓᑠࡉ࡞ࢫࢣ࣮ࣝࡢᙉ࠸஘ࢀሙ࡟࠾࠸
࡚ࡶ㸪஘ࢀࡢ⇞↝ಁ㐍ࡢ࣓࢝ࢽࢬ࣒ࡣ wrinkled laminar 
flameࡢ⪃࠼᪉ࡀᡂࡾ❧ࡘࡇ࡜ࢆ♧ࡋ࡚࠸ࡿ㸬 
1984 ᖺ 2 ᭶࡟ᮏᰯ࡟╔௵௨᮶㸪᭱ึࡢㄽᩥ(1)ࡀห⾜ࡉ
ࢀࡿ 1989ᖺ 12᭶ࡲ࡛㸪ᐇ࡟ 6ᖺ㏆࠸ṓ᭶ࢆせࡋࡓ㸬ࡇ
ࡢ㛫ࡣ㸪⮬ศࡢ㡿ᇦࢆ☜❧ࡍࡿࡓࡵ࡟ࡶࡀࡁⱞࡋࢇࡔ᫬ᮇ
࡛࠶ࡿ㸬◊✲ࢆࡋࡓ࠸࡜ゝࡗ࡚఍♫ࢆ㣕ࡧฟࡋ࡚ࡣࡳࡓࡶ
ࡢࡢ㸪ẖ᪥ࡀࠕᯝࡋ࡚⮬ศࡣ◊✲⪅࡜ࡋ࡚ࡸࡗ࡚࠸ࡅࡿࡢ
࠿㸽ࠖ࡜࠸࠺୙Ᏻ࡜ࡢᡓ࠸࡛࠶ࡗࡓ㸬 
 
࢖࢜ࣥ㟁ὶࡢ≉ᛶ࡟㛵ࡍࡿᇶ♏◊✲
 ஘ὶணΰྜⅆ⅖ࡢᒁᡤⓗ࡞཯ᛂᖏࡢෆ㒊ᵓ㐀ࢆ᫂ࡽ࠿
࡟ࡋࡼ࠺࡜ࡍࡿሙྜ㸪ᒁᡤⓗ࡞཯ᛂᖏࡢ㏆ഐ࡟࠾ࡅࡿ ᗘ
ࡸ୰㛫⏕ᡂ≀ࡢ⃰ᗘ࡞࡝ࡢ⇞↝⌧㇟࡜ᐦ᥋࡞㛵ಀࡢ࠶ࡿ
≀⌮㔞ࡢศᕸܳሺܚሻࢆィ ࡍࡿࡇ࡜ࡀከ࠸㸬஘ὶⅆ⅖ࡢࡼ࠺
࡟ኚືࡋ࡚࠸ࡿⅆ⅖ࢆィ ࡍࡿሙྜ࡟ࡣ㸪஘ὶⅆ⅖ᖏෆࡢ
௵ពࡢሙᡤ࡟ᅛᐃࡉࢀࡓィ Ⅼ࡛ィ ࡍࡿሙྜࡀከ࠸㸬ࡑ
ࡢࡼ࠺࡞ሙྜ㸪ኚືࡋ࡚࠸ࡿᒁᡤⓗ࡞཯ᛂᖏࡀィ Ⅼࢆ㏻
㐣ࡍࡿࡓࡵ㸪≀⌮㔞ࡢಙྕܵሺݐሻࡣ᫬㛫ࡢ㛵ᩘ࡜ࡋ࡚ᚓࡽࢀ㸪
┠ⓗ࡜ࡍࡿ≀⌮㔞ࡢศᕸܳሺܚሻࢆ┤᥋ィ ࡍࡿࡇ࡜ࡣ࡛ࡁ
࡞࠸㸬ࡋࡓࡀࡗ࡚㸪ィ ࡉࢀࡓ≀⌮㔞ࡢಙྕܵሺݐሻࡣ㸪ᒁᡤ
ⓗ࡞཯ᛂᖏࡢ㏆ഐ࡟࠾ࡅࡿ≀⌮㔞ࡢศᕸܳሺܚሻࡢࡳ࡞ࡽࡎ㸪
ᒁᡤⓗ࡞཯ᛂᖏࡢᣲືࡸࡑࡢᙧ≧࡟ࡶ౫Ꮡࡍࡿ㸬ࡋࡓࡀࡗ
࡚㸪ܵ ሺݐሻ࠿ࡽܳሺܚሻࢆ᥎ᐃࡍࡿࡓࡵ࡟ࡣ㸪ᒁᡤⓗ࡞཯ᛂᖏࡢ
ᣲືࡸࡑࡢᙧ≧ࢆ⪃៖ࡋ࡞ࡃ࡚ࡣ࡞ࡽ࡞࠸㸬ࡇࡢࡼ࠺࡞ほ
Ⅼ࡟ᇶ࡙ࡁ㸪࢖࢜ࣥ㟁ὶࢆィ ࡋ࡚஘ὶணΰྜⅆ⅖ࡢᒁᡤ
ⓗᬯ཯ᛂᖏࡢᵓ㐀ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࢆ┠ⓗ࡜ࡋ࡚㸪㟼㟁
᥈㔪࡟ᑐࡍࡿணΰྜⅆ⅖ࡢ┦ᑐⓗ࡞ᣲື࠾ࡼࡧࡑࡢᒁᡤ
ⓗ࡞ᙧ≧ࡀ࢖࢜ࣥ㟁ὶ࡟≉ᛶ࡟ཬࡰࡍᙳ㡪ࢆㄪ࡭ࡓ
(3),(4),(6),(9),(22)㸬 
 
ᅛయቨ㏆ഐ࡟࠾ࡅࡿ஘ὶఏࡥⅆ⅖ࡢᣲື
ෆ⇞ᶵ㛵ࡢ⇞↝ᐊቨ㏆ഐࡢⅆ⅖ࡢᣲືࢆ᫂ࡽ࠿࡟ࡋࡼ
࠺࡜ᛮ࠸㸪ᅛయቨࡢ㏆ഐ࡟࠾ࡅࡿ஘ὶఏ᧛ⅆ⅖ࡢᣲືࢆㄪ
࡭ࡓ㸬ண᝿࡟཯ࡋ㸪ቨ㠃㏆ഐ࡛ⅆ⅖㠃ࡢ஘ࢀࡀῶ⾶ࡍࡿ(12)
࡜ゝ࠺⤖ᯝࢆᚓࡓ㸬ᐑ㔛ዲ඾ྩ࡜ゝ࠺㸪⌧௦ࡢ࠿ࡽࡃࡾ൤
ྑ⾨㛛࡜ࡶゝ࠺࡭ࡁ㸪࢚ࣥࢪࢽ࢔ࣜࣥࢢࢭࣥࢫᢤ⩌ࡢᏛ⏕
ࡀᒃࡓࡇ࡜࡛㸪ᅔ㞴࡞ᐇ㦂ࢆᐇ⌧ࡍࡿࡇ࡜ࡀ࡛ࡁࡓ㸬ࡇࡢ
◊✲࡛ࡣ㸪ⅆ⅖ࡢᣲືࢆほᐹࡍࡿࡓࡵ࡟㸪㧗㏿ᗘࢩ࣮ࣗࣜ
ࣞࣥ෗┿᧜ᙳࢆ⾜ࡗࡓࡓࡵ㸪࡭ࡽࡰ࠺࡟㔠ࡀ࠿࠿ࡗࡓ㸬
100ࣇ࢕࣮ࢺࡢ 16࣑ࣜࣇ࢕୍࣒ࣝᮏࡀ⣙¥3,000㸪⌧ീ௦
ࡀ㸪ࡲࡓ㸪¥3,000㸬ࡑࢀࡇࡑ㸪‮Ỉࡢࡈ࡜ࡃ㔠ࡀ࠿࠿ࡾ㸪
◊✲ᐊࡢ㈈ᨻࡣᴟ➃࡟ᝏ໬ࡋࡓ㸬 
஧ࡘࡢ◊✲ࢆྠ᫬㐍⾜ࡉࡏࡿ࡜㸪◊✲㈝㸪࣐ࣥࣃ࣮࣡ࡢ
ࡳ࡞ࡽࡎ㸪⮬ศ⮬㌟ࡢຊ୙㊊ࢆ③ษ࡟ឤࡌࡓ㸬௨᮶㸪஘ὶ
ணΰྜࣂ࣮ࢼⅆ⅖ࡢ◊✲࡟㞟୰ࡍࡿࡇ࡜࡟ࡋࡓ㸬ࡑࡢᚋ㸪
ᐑ㔛ྩࡢࡼ࠺࡞Ꮫ⏕࡟ࡣ࠾┠࡟࠿࠿ࡗ࡚࠸࡞࠸㸬 
 
஘ὶணΰྜⅆ⅖ࡢพฝࡢࢫࢣ࣮ࣝ
ᚑ᮶㸪ᑠࡉ࡞ࢫࢣ࣮ࣝࡢᙉ࠸஘ࢀሙ࡟ࡣ distributed 
reaction zoneࡀᙧᡂࡉࢀࡿ࡜⪃࠼ࡽࢀ࡚࠸ࡓࡀ㸪஘ὶண
ΰྜⅆ⅖ࡢᒁᡤⓗ࡞཯ᛂᖏࡢᵓ㐀ࡣ㸪ࡑࢀ࡜ΰྜẼࡢ⃰ᗘ
ࡀ➼ࡋ࠸ᒙὶணΰྜⅆ⅖ࡢᵓ㐀࡜ྠ⛬ᗘ࡛࠶ࡗࡓ(1),(2)㸬ࡇ
ࢀࡣ㸪ࡇࡢࡼ࠺࡞஘ࢀሙ࡟࠾࠸࡚ࡶ㸪⇞↝ಁ㐍ࡢ࣓࢝ࢽࢬ
࣒ࡣ㸪wrinkled laminar flameࣔࢹࣝࡀᡂࡾ❧ࡘ࡜⪃࠼
ࡽࢀࡿ㸬ࡑࡇ࡛㸪࢖࢜ࣥ㟁ὶࡢ≉ᛶ࡟㛵ࡍࡿᇶ♏◊✲࡟ᇶ
࡙ࡁ㸪஘ὶணΰྜⅆ⅖ࡢᒁᡤⓗ࡞཯ᛂᖏࡢพฝࡢࢫࢣ࣮ࣝ
ࡢィ ࢆ⾜ࡗࡓ(5),(10),(11),(14)㸬 
 
஘ὶணΰྜⅆ⅖࡟࠾ࡅࡿ Flame Generated Turbulence 
ᑠࡉ࡞ࢫࢣ࣮ࣝࡢᙉ࠸஘ࢀሙ࡛ࡶ㸪ᒁᡤⓗ࡞཯ᛂᖏࡢᵓ
㐀ࡣ㸪ࡑࢀ࡜ΰྜẼࡢ⃰ᗘࡀ➼ࡋ࠸ᒙὶணΰྜⅆ⅖ࡢᵓ㐀
࡜ྠ⛬ᗘ࡛࠶ࡗࡓ㸬ࡇࢀࡣ㸪ᮍ⇞ΰྜẼὶ୰ࡢᑠࡉ࡞ࢫࢣ
࣮ࣝࡢ ࡀ㏵୰࡛ῶ⾶ࡋ࡚ࡋࡲ࠸㸪ᒁᡤⓗ࡞཯ᛂᖏࡲ࡛฿
㐩ࡋ࡚࠸࡞࠸ࡢ࡛ࡣ࡞࠸࠿࡜⪃࠼ࡓ㸬ᢡࡋࡶ㸪࣮ࣞࢨὶ㏿
ィࡀᑟධࡉࢀࡓ㡭࡛࠶ࡗࡓ㸬ࡑࡇ࡛㸪஘ὶⅆ⅖ᖏ࡟࠾ࡅࡿ
஘ࢀሙࡢィ ࢆ⾜ࡗࡓ㸬ࡑࡢ⤖ᯝ㸪ᮍ⇞↝ΰྜẼὶ୰࡟Ꮡ
ᅾࡍࡿᑠࡉ࡞ࢫࢣ࣮ࣝࡢ ࡣ㸪ண⇕ᖏ࡛ῶ⾶ࡋ㸪཯ᛂᖏ࡟
ࡣᏑᅾࡋ࡞࠸ࡇ࡜(15),(19)㸪Ⓨ⇕࡟ࡼࡿ⇕⭾ᙇࡢࡓࡵ࡟ⅆ⅖
㠃ࡢ๓ᚋ࡛஘ࢀࡀቑᖜࡍࡿࡇ࡜(28),(29),(31),(32),(35)࡞࡝ࡢ᪂
ࡋ࠸஦ᐇࢆ᫂ࡽ࠿࡟ࡋࡓ㸬 
 
஘ὶணΰྜⅆ⅖࡟࠾ࡅࡿᒁᡤⓗ࡞ᾘ⅖
1992 ᖺ㸪ᚋ㏙ࡍࡿ࢝ࣜࣇ࢛ࣝࢽ࢔኱Ꮫࢧࣥࢹ࢕࢚ࢦᰯ
ࡢ Forman Williamsᩍᤵ࡜ᡂ⏣✵ ࡛㣗஦୰㸪✺↛㸪ࠕ㟼
㟁᥈㔪࡛஘ὶⅆ⅖ࡢᒁᡤⓗ࡞ᾘ⅖ࢆィ ࡛ࡁ࡞࠸࠿㸽 ࡜ࠖ
⪺࠿ࢀࡓ㸬ࡑࡢ᫬ࡣ㸪ࠕ⪃࠼࡚࠾ࡁࡲࡍ ࡜ࠖ⟅࠼ࡓ㸬⩣ᖺ㸪
Ꮫ఍࡛෌఍ࡋࡓ᫬㸪ࠕᒁᡤⓗ࡞ᾘ⅖ࢆ┤᥋ィ ࡍࡿࡇ࡜ࡣ
࡛ࡁ࡞࠸ࡀ㸪ᾘ⅖㝈⏺௜㏆ࡢⅆ⅖∦ࡣ⇞↝㏿ᗘࡀῶᑡࡍࡿ
ࡔࢁ࠺࠿ࡽ㸪⇞↝㏿ᗘ࡞ࡽィ ࡛ࡁࡿ࡜ᛮ࠸ࡲࡍ㸬ࠖ࡜⟅
࠼ࡓ㸬ࠕࡑࢀ࡛ࡣ㸪ࡸࡗ࡚ࡳࢁࠖ࡜ゝ࠺ࡇ࡜࡟࡞ࡾ㸪ඹྠ
◊✲ࡀࢫࢱ࣮ࢺࡋࡓ㸬ⅆ⅖ࡢᣲືࡣ㟼㟁᥈㔪㸪࢞ࢫὶ㏿ࡣ
࣮ࣞࢨ࣮ὶ㏿ィ࡛ィ ࡍࡿ࡜ゝ࠺࡜࡚ࡘࡶ࡞࠸ᐇ㦂
(18),(25),(27),(33),(34)ࢆጞࡵࡿࡇ࡜࡟࡞ࡗࡓ㸬 
 
஘ὶணΰྜⅆ⅖࡟࠾ࡅࡿⅆ⅖࡜ὶࢀࡢ┦஫
஘ὶⅆ⅖ᖏ࡟࠾ࡅࡿ஘ࢀሙࡢィ ࢆ⾜࠺࠺ࡕ࡟㸪ⅆ⅖∦
࡟࠾ࡅࡿⓎ⇕࡟㉳ᅉࡍࡿ⇕⭾ᙇࡀὶࢀࡢࡼ࠺ࡍ࡟኱ࡁ࡞
ᙳ㡪ࢆ࠾ࡼࡰࡍࡇ࡜ࡀࢃ࠿ࡗࡓ(36),(38),(39),(40)㸬ⅆ⅖࡜ὶࢀ
ࡢ┦஫స⏝ࢆ᫂ࡽ࠿࡟ࡍࡿࡇ࡜ࡣ㸪஘ὶணΰྜⅆ⅖࡟࠾ࡅ
ࡿ஘ࢀࡢ⇞↝ಁ㐍ຠᯝࢆ᫂☜࡟ࡍࡿୖ࡛㸪ᮏ㉁ⓗ࡞ၥ㢟࡜
࡞ࡿ㸬ࡑࡢࡓࡵ࡟ࡣ㸪஘ὶⅆ⅖ᖏ࡟࠾ࡅࡿⅆ⅖∦ࡢᣲື࡜
ὶࢀࡢࡼ࠺ࡍࢆ᫂ࡽ࠿࡟ࡋ࡞ࡅࢀࡤ࡞ࡽ࡞࠸㸬⇞↝ሙ࡟࠾
ࡅࡿὶࢀࡢࡼ࠺ࡍࡣ㸪࣮ࣞࢨὶ㏿ィࢆ౑⏝ࡍࡿࡇ࡜࡟ࡼࡾ㸪
ẚ㍑ⓗ⡆༢࡟ィ ࡍࡿࡇ࡜ࡀ࡛ࡁࡿ㸬ࡋ࠿ࡋ㸪ⅆ⅖∦ࡢᣲ
ືࡣ㸪ࡑࢀࢆィ ࡍࡿᡭἲࡀ☜❧ࡉࢀ࡚࠸࡞࠸≧ἣ࡛࠶ࡗ
ࡓ㸬ࡑࡇ࡛㸪ࡲࡎ㸪ᅄࡘࡢཷឤ㒊ࢆ᭷ࡍࡿ㟼㟁᥈㔪ࢆ౑⏝
ࡋ࡚㸪ⅆ⅖∦ࡢᣲືࢆィ ࡍࡿᡭἲࢆ☜❧ࡍࡿ◊
✲,(43),(45),(47),(49),(50),(51),(54),(58),(59)࠿ࡽጞࡵࡓ㸬ࡇࡢᡭἲ࡜ࣞ
࣮ࢨὶ㏿ィࢆ⤌ࡳྜࢃࡏ࡚౑⏝ࡍࡿࡇ࡜࡟ࡼࡾ㸪ⅆ⅖࡜ὶ
ࢀࡢ┦஫స⏝ࢆ᫂ࡽ࠿࡟ࡋࡓ(61),(62),(63),(64),(65),(66),(67)㸬 
 
C2ࢫ࣡ࣥࣂࣥࢻࡢⓎගศගἲ࡟ࡼࡿ⇞↝≧ែࡢデ᩿ 
⇞↝ࡢ◊✲࡛㸪ྡ ๓ࡀ኎ࢀ࡚ࡃࡿ࡜㸪௚኱ᏛࡢᏛ⏕࠿ࡽ
㉁ၥࢆཷࡅࡿᶵ఍ࡀቑ࠼࡚ࡃࡿ㸬ࡑࡢࡼ࠺࡞୰࡛㸪⚄ᡞ኱
Ꮫࡢụ⏣ຓᩍᤵࡢ◊✲ᐊࡢᏛ⏕࡜ぶࡋࡃ࡞ࡾ㸪ඹྠ◊✲࡟
Ⓨᒎࡋࡓ㸬Ⅳ໬Ỉ⣲ࢆ⇞ᩱ࡜ࡍࡿⅆ⅖࡛ࡣ㸪OH, CH, C2
࡞࡝ࡢ୰㛫⏕ᡂ≀࠿ࡽࡢࣂࣥࢻࢫ࣌ࢡࢺࣝࡀほᐹࡉࢀࡿ㸬
ࡋࡓࡀࡗ࡚㸪ⅆ⅖࠿ࡽࡢⓎගࢆィ ࡋ࡚㸪⇞↝≧ែࢆ᥎ᐃ
ࡋࡼ࠺࡜ࡍࡿヨࡳࡀྂࡃ࠿ࡽ⾜ࢃࢀ࡚ࡁࡓ㸬ࡋ࠿ࡋࡇࢀࡽ
ࡢィ ࡣ㸪༢⣧ࣞࣥࢬ⣔ࢆ౑⏝ࡋ࡚࠸ࡿࡓࡵ࡟✵㛫ศゎ⬟
ࡀపࡃ㸪ⅆ⅖ࡢ࡝ࡢ఩⨨࠿ࡽࡢⓎග࡛࠶ࡿ࠿ࡀ୙࡛᫂࠶ࡿ㸬
ࡑࡇ࡛㸪㞟ග㒊ศ࡟࢝ࢭࢢࣞࣥගᏛ⣔ࢆ౑⏝ࡍࡿࡇ࡜࡟ࡼ
ࡾ㸪ィ ࡢ✵㛫ศゎ⬟ࢆ᱁ẁ࡟ྥୖࡉࡏࡿࡇ࡜ࡀ࡛ࡁࡿ㸬
ⅆ⅖࠿ࡽࡢⓎගࢆィ ࡋ࡚㸪ⅆ⅖ࡢ ᗘࢆ᥎ᐃࡍࡿࡓࡵ࡟
ࡇࡢ◊✲ࢆ⾜ࡗࡓ(37),(60)㸬ࡇࡢ◊✲ࡀᐇ⌧ࡍࢀࡤ㸪ඛ࡟㏙
࡭ࡓ Forman ඛ⏕࡜ࡢ⣙᮰࡛࠶ࡿࠕ஘ὶⅆ⅖ࡢᒁᡤⓗ࡞
ᾘ⅖ࡢィ  ࠖࡀྍ⬟࡜࡞ࡿࡢ࡛ࡣ࡞࠸࠿࡜ᛮࢃࢀࡿࡀ㸪ṧ
ᛕ࡞ࡀࡽ㸪᫬㛫ษࢀ࡜࡞ࡗ࡚ࡋࡲࡗࡓ㸬 

༴ᶵ⟶⌮
 2003 ᖺ㸯᭶࠿ࡽ 2004 ᖺ 4 ᭶ࡲ࡛㸪ᨾ࠶ࡗ࡚㸪࠶ࡿ኱
Ꮫࡢ㛤Ꮫ‽ഛࢆ࠾ᡭఏ࠸ࡍࡿ⩚┠࡟࡞ࡗࡓ㸬⚾ࡀᢸᙜࡋࡓ
ࡢࡣ㸪༴ᶵ⟶⌮Ꮫ㒊࡛࠶ࡗࡓ㸬ࡑࢀ௨᮶㸪༴ᶵ⟶⌮࡟⯆࿡
ࢆᣢࡕ㸪࠸ࡃࡘ࠿ࡢㄽᩥ(42),(44),(52),(55),(56),(57)ࢆ᭩࠸ࡓ㸬ᐇ㦂
ࡢᚲせࡀ࡞ࡃ㸪ホㄽᐙࡢࡼ࠺࡞ࡇ࡜ࢆゝࡗ࡚࠸ࢀࡤⰋ࠸ࡢ
࡛㸪easy ࡛࠶ࡿ㸬࠾㝜࡛㸪ఱᗘ࠿ㅮ₇ࢆ౫㢗ࡉࢀࡓࡾࡋ
ࡓࡀ㸪ࡸࡣࡾ㸪ᐇ㦂ᒇ࡜ࡋ࡚ࡣለⴠࡋࡓឤࡀ࠶ࡿ㸬 
 
஘ὶணΰྜ 9ᆺⅆ⅖ࡢὶయຊᏛⓗᵓ㐀
 ⚾࡟࡜ࡗ࡚ṇ࡟᭱ᚋࡢㄽᩥ(68)࡛࠶ࡿ㸬2005ᖺ㡭㸪஘ὶ
ணΰྜⅆ⅖ࡢⅆ⅖㠃ࡢᣲືࢆㄪ࡭࡚࠸ࡓ࡜ࡁ㸪ᡙࢀ࡟ V
ᆺⅆ⅖ࢆసࡗ࡚ࡳࡓ㸬ⅆ⅖㠃ࡢᣲືࢆㄪ࡭࡚ࡳࡿ࡜ᐇ࡟࠾
ࡶࡋࢁ࠸⤖ᯝ(47)ࡔࡗࡓ㸬㏻ᖖࡢࣈࣥࢮࣥⅆ⅖࡛ࡣ㸪ⅆ⅖
ࡢෆഃ࡟ᮍ⇞↝ΰྜẼࡀ㸪ⅆ⅖ࡢእഃ࡟⇞↝࢞ࢫࡀᏑᅾࡍ
ࡿࡢ࡟ᑐࡋ㸪Vᆺⅆ⅖࡛ࡣ㸪ࡑࡢ㏫࡛㸪ⅆ⅖ࡢእഃ࡟ᮍ⇞
↝ΰྜẼࡀ㸪ⅆ⅖ࡢෆഃ࡟⇞↝࢞ࢫࡀᏑᅾࡍࡿ㸬ࡍ࡭࡚ࡀ
㏫࡟࡞ࡿ㸬2014 ᖺ㸪ࡸࡣࡾ㐟ࡧᚰ࡛㸪ὶࢀሙࢆィ ࡋ࡚
ࡳࡓ㸬ᐇ࡟࠾ࡶࡋࢁ࠸㸬 
࢚ࣆ࣮ࣟࢢ
 ࡇࡢ 30 ᖺ㛫㸪ࡑࡢ᫬ࠎ࡟ඹ࡟◊✲ࢆࡋࡓᐇ࡟ከࡃࡢ
᪉ࠎ࡟࠾ୡヰ࡟࡞ࡗࡓ㸬ࡇࡇ࡟ࡍ࡭࡚ࡢ᪉ࠎࡢྡ๓ࢆグࡋ
࡚ㅰ㎡ࢆ㏙࡭ࡿࡢࡣ୙ྍ⬟࡛࠶ࡿ㸬ࡑ࠺࡛ࡣ࠶ࡿࡶࡢࡢ㸪
࢝ࣜࣇ࢛ࣝࢽ࢔኱Ꮫࢧࣥࢹ࢕࢚ࢦᰯࡢ Forman A. Wil-
liamsᩍᤵ࡟ࡣ㸪⚾ࡀ 30ᖺ㛫ࡢ◊✲⏕άࢆ㏦ࡿୖ࡛㸪௚
ࡢㄡࡼࡾࡶ᭷┈࡞᫬ࢆඹ᭷ࡉࡏ࡚㡬࠸ࡓࡇ࡜ࢆ㏙࡭࡞࠸
ࢃࡅ࡟ࡣ࠸࠿࡞࠸㸬  
1990ᖺ㸪ᮾி㒔ࡢᅾእ◊ಟࢆᚓ࡚㸪Williamsᩍᤵࡢࡶ
࡜࡟୕ࣨ᭶㛫␃Ꮫࡋࡓ㸬ᮾி㒔❧ᕤᴗ㧗➼ᑓ㛛Ꮫᰯ࡟╔௵
ࡋ࡚ 6ᖺࡀ⤒㐣ࡋ㸪ࡼ࠺ࡸࡃ㸪ࠕఱ࡜࠿㸪◊✲⪅࡜ࡋ࡚ࡸ
ࡗ࡚࠸ࡅࡑ࠺ࡔࠖ࡜ᛮ࠸ጞࡵࡓ㡭࡛࠶ࡗࡓ㸬 
௨᮶㸪ᅄ༙ୡ⣖࡟ரࡾ㸪ඹྠ◊✲ࢆࡋ࡚㸪26⦅ࡢㄽᩥ(18), 
(25), (27), (33), (34), (35), (36), (38), (39), (40), (45), (47), (49), (50), (51), (54), (58), 
(59), (61), (62), (63), (64), (65), (66), (67), (68)ࢆ᭩࠸ࡓ㸬Formanඛ⏕࡟
ࡣ㸪᭱㧗ࡢ᫬ࢆඹ᭷ࡉࡏ࡚㡬࠸ࡓ㸬⚾࡟࡜ࡗ࡚㸪ࡇࢀ࡯࡝
ཝࡋࡃ㸪඘ᐇࡋࡓࢹ࢕ࢫ࢝ࢵࢩࣙࣥࡀ࡛ࡁࡿ┦ᡭࡣ㸪ୡ⏺
୰ఱฎࢆ᥈ࡋ࡚ࡶ௚࡟ࡣᒃ࡞࠸㸬 2014ᖺ 9᭶ 15᪥࠿ࡽ
26 ᪥ࡲ࡛㸪ࢧࣥࢹ࢕࢚ࢦࢆゼၥࡋࡓ㸬᭱ᚋ࡟ᛮ࠸ฟ࡟ṧ
ࡿㄽᩥ㸦67㸧ࢆ᭩ࡃࡇ࡜ࡀ࡛ࡁࡓ㸬  
◊✲ࢆࡋ࡚࠸࡚ఱࡼࡾᴦࡋ࠸ࡇ࡜ࡣ㸪ㄡࡶ▱ࡽ࡞࠸஦ᐇ
ࢆ㸪ୡ⏺୰࡛ㄡࡼࡾࡶ᪩ࡃ▱ࡗࡓ࡜ㄆ㆑ࡋࡓ▐㛫࡛࠶ࢁ࠺㸬 
Formanඛ⏕࡜▱ࡾྜࢃ࡞ࡅࢀࡤ㸪◊✲⪅࡜ࡋ࡚ࡢ⚾ࡢே
⏕ࡣዴఱ࡟✵⹫࡛࠶ࡗࡓࡔࢁ࠺࠿㸬 
᫖ᖺ 6᭶㡭㸪ᐇ㦂ࡀ࠺ࡲࡃ࠸࠿ࡎ㸪ᑓᨷ⛉ࡢᏛ⏕࡜ඹ࡟
ᐇ㦂ᐊ࡟⡲ࡶࡿ᪥ࡀ⥆࠸ࡓ㸬ࡑࡢ᫬㸪ᐃᖺࢆ㛫㏆࡟᥍࠼㸪
ࡲࡔᐇ㦂࡛ࡁࡿᖾࡏࢆࡦࡋࡦࡋ࡜ឤࡌࡓ㸬ࡑࢀࡶࡇࢀࡶ㸪
ᛮ࠺ࡼ࠺࡟◊✲ࡉࡏ࡚ࡃࢀࡓ㸪ᮾி㒔❧ᕤᴗ㧗➼ᑓ㛛Ꮫᰯ㸪
ᮾி㒔❧⏘ᴗᢏ⾡㧗➼ᑓ㛛Ꮫᰯࡢ࠾㝜࡜ឤㅰࡋ࡚࠸ࡿ㸬࠶
࠶ࡍࢀࡤⰋ࠿ࡗࡓ㸪ࡶࡗ࡜ࡇ࠺ࡋࡓ࠿ࡗࡓ㸪࡜ゝ࠺ᛮ࠸ࡀ
࡞࠸ヂ࡛ࡣ࡞࠸ࡀ㸪⮬ศ࡟୚࠼ࡽࢀࡓ⎔ቃࡢ୰࡛㸪⢭୍ᮼ
ࡸࡗࡓ࡜⮬㈇ࡋ࡚࠸ࡿࡋ㸪‶㊊ࡋ࡚࠸ࡿ㸬᜼࠸ࡣ࡞࠸㸬 
ᅔ㞴࡞ᐇ㦂ࢆᐇ⌧ࡋᚓࡓࡢࡣ⚾ࡢ◊✲ᐊ࡟ᡤᒓࡋࡓᏛ
⏕ㅖྩࡢ༠ຊ࡟㈇࠺࡜ࡇࢁࡀ኱ࡁ࠸㸬ᙼࡽࡣ㸪⚾ࡢᘵᏊ࡛
࠶ࡿ࡜ඹ࡟㸪ඹྠ◊✲⪅࡛࠶ࡾ㸪ࡲࡓᖌ࡛ࡉ࠼ࡶ࠶ࡗࡓ㸬
ᙼࡽ࡜ඹ᭷ࡋࡓ᫬㛫ࡣ㸪ṇ࡟⮳⚟ࡢ᫬㛫࡛࠶ࡗࡓ㸬ࡇࡇ࡟
グࡋ࡚㸪ᚰࡼࡾ࠾♩⏦ࡋୖࡆࡿ㸬ᐇ࡟ᴦࡋ࠸  ᖺ࡛࠶ࡗ
ࡓ㸟

ཧ⪃ᩥ⊩
㸧ྂᕝ⣧୍㸪ཎ⏣ᰤ୍㸪ᖹ㔝ᩄྑ㸪㧗ᙉᗘ஘ὶணΰྜⅆ
⅖ࡢᚤ⣽ᵓ㐀㸪᪥ᮏᶵᲔᏛ఍ㄽᩥ㞟㸦㹀⦅㸧 ᕳ 
ྕ㸪
㸧 )XUXNDZD -+DUDGD(+LUDQR7/RFDO5HDFWLRQ=RQH
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